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^ FORM SURFACE POTENTIAL 

fT) (57) Abstract: The invention provides a method of inhibiting or preventing coirosion of reinforced steel in concrete by eliminating 
00 the differences in surface potentials that result in the total passivation of corrosion activity and create an environment in the steel that 
^ does not aUow conx)sion. The method, optionaUy includes measuring the active non-uniform surface potential in the steel and passing 
^ a DC voltage through the concrete and steel to stop corrosion providing a substantially uniform surface potential on the reinforced 
^ steel. The cmrent is contioUed and adjusted to send pre-<letermined amounts of electrical energy to individual areas targeted for 
J5 treatment. A conx>sion potential survey may be conducted to detennine the energy requirements necessary for the corrosion condition 
® or a refcicnce electrode may be strategically placed on Ae concrete structure. Tte amount of eneigy passed is sufficient to polarize Ac 
O reinforcing steel sufficienUy to stop corrosion and establish substantiaUy uniform sui^ potentials on all the reinforcing steel. The 
invention also includes changing conditions on the surface of steel from a condition of ncm-unifoim surface potential to a condition 
^ of substantially uniform surface potential. 
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METHOD OF TREATING CORROSION IN REINFORCED CONCRETE 
STRUCTURES BY PROVIDING A UNIFORM SURFACE POTENTIAL 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a method of treating and/or preventing corrosion of steel, or other 
metal, in reinforced concrete structures. More particularly, the invention relates to a method of 
changing conditions on the surface of the steel from a condition of non-uniform surface potential 
where there is corrosion to a condition of substantially uniform surface potential where the 
corrosion is inhibited or prevented from fomiing. Specifically, the invention relates to a method 
of eliminating differences in surface potentials through applying continuously monitored, and 
uniquely adjusted, low voltage DC current to the steel reinforcement through an anode system 
which may, optionally, be temporarily installed on the surface of the concrete. 

2. Summary of Related Art 

A primary cause of the deterioration of reinforced concrete structures, such as bridge 
surfaces and substructures, is the corrosion of reinforcing steel due to exposure to chloride ions 
from salts used to de-ice the surface of the concrete or sea water. Chloride causes active 
corrosion by destroying the natural passivity of steel in the alkaline environment of concrete. 
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Concrete is a porous material. Steel placed in fiesh concrete will not corrode because the 
naturally high pH level of the concrete causes a passivating oxide film to form on the surface of 
the steel, preventing it fiom corrosion. Minor imperfections from the concrete placement 
operation, as weU as varying conditions during the hydration process. wiU result in variations in 
pore distribution in the concrete, as well as introduce voids. Voids and non-uniform pore 
distribution will result in variations in die permeability of concrete. 

•n,e variations in permeability, and with normal aging through exposure to the forces of 
nature, as indicated above, gradually change the environment within the concrete, from an 
environment where corrosion camxot take place to one where it can. Since concrete is not totally 
homogenous, and die concrete cover is not uniform, some areas will be affected before other 
areas of concrete. In these affected areas, die combination of the environmental exposure, 
ingress of chlorides and carbonation will cause a shift in die surface potential of die steel and the 
steel will experience a gradual loss of passivation that is protecting it against the onset of 
corrosion. Corrosion will now conunence. 

Since corrosion is an electrochemical process, die differences in die surface potential 
cause a low level electric current to pass between areas of different potentials, including 
surrounding concrete which acts as an electrolyte. Anodic and cathodic areas are established. In 
the anodic areas, ferrous ions leave die steel surface and react witii available oxygen or 
hydroxides, forming corrosion products as ferrous oxides and/or hydroxides. Volume increases, 
resulting in the concrete cracking and spalling. 

The prior art addresses die foregoing issues by using two systems: cadiodic protection 
and chloride removal. Cadiodic protection is designed to stop corrosion tiirough passing a 
current equal to. or slightly stronger dian die corrosion current, in die opposite direction. The 
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chloride removal systems are directed to maintain a potential difference between externally 
mounted anode and the reinforcing steel for the purpose of removing chloride ions through ion 
migration. The amount of electrical energy passed is designed to allow for a defined amount of 
chloride to be removed, and set levels defined as having no negative side effects. 

United States Patent 5,141,607 discloses a method and apparatus for treating reinforced 
steel for removing chlorides by placing an electrode adjacent an outer surface of the reinforced 
concrete structure, wetting the electrode and surface with an aqueous electrolyte and applying 
direct current between the reinforced steel and electrode to cause migration of the chloride ions. 

United States Patent 5,228,959 discloses a process for rehabilitating internally reinforced 
concrete by electrolytic ion migration by applying a removable adherent electrolyte to a surface 
area on the concrete and intermittenUy impressing and discontinuing a DC voltage between the 
internal reinforcement and electrode structure while measuring the potential difference of the 
internal reinforcement against a reference electrode structure. 

United States Patent 5,015,351 discloses a de-watering procedure for removing water firom 
saturated, porous buUding materials, such as concrete wherein a controlled, cyclical voltage is 
applied to an electrode system for osmotic migration of water from an anode located inside the 
structure or in contact with it to a cathode. 

United States Patent 5,049,412 discloses a method of re-alkalizing concrete in which 
carbonation has occurred by applying a water tight adherent coating to the surface of the 
concrete and saturating the coating with water to affect diffusion of alkaline materials from the 
areas of less carbonation to areas of more carbonation in tiie concrete. The concrete can then 
become re-alkalized. 
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The prior art does not address a method to stop corrosion by eliminating the differences 
in corrosion potentials, as is defined in the present invention. This method is most efficient in 
addressing the corrosion of reinforced steel in concrete. 

It is an object of the present invention to solve the problems of the prior art enumerated 

above and below. 

jglTMMARY OF THK INVENTION 
The invention provides a method of inhibiting or preventing conosion of reinforced steel 
in concrete by eliminating the differences in surface potentials that result in the total passivation 
of corrosion activity and create an environment in the steel that does not allow corrosion. This is 
basically accomplished by measuring the active non-uniform surface potential in the steel and 
passing a DC voltage through the concrete and steel to stop corrosion providing a substantially 
uniform surface potential on the reinforced steel. The current is controlled and adjusted to send 
pre-determined amounts of electrical energy to individual areas targeted for treatment. A 
corrosion potential survey may be conducted to determine the energy requirements necessary for 
the corrosion condition or a reference electrode may be strategically placed on the concrete 
structure. The amount of energy passed is sufficient to polarize the reinforcing steel sufficientiy 
to stop corrosion and establish substantially uniform surface potentials on all the reinforcing 
steel. 

It is an object of the present invention to change conditions on the surface of steel from a 
condition of non-unifonn surface potential to a condition of substantially uniform surface 
potential. 

Another object of the present invention is to stop corrosion of concrete reinforced steel by 
eliminating the differences in corrosion potentials. 
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It is another object of the present invention to provide total passivation of all corrosion 
activity in concrete reinforced steel and to create an environment around steel that does not allow 
for corrosion. 

It is yet another object of the invention to stop corrosion by eliminating the dififerences in 
corrosion potentials. A current passed is controlled, and adjusted by a control unit, progranamed 
to send predetermined amounts of electrical energy to individual areas targeted for treatment 
The energy requirements are defined on the basis of the corrosion condition recorded in a 
corrosion potential survey, or by reference electrodes strategically placed in or by a structure. 
The control unit optionally works interactively with the reference electrodes, or is pre- 
programmed based on the measured corrosion potentials from the potential survey. The amount 
of current to be passed is determined for the purpose of polarizing the reinforcing steel 
sufBcienUy to stop corrosion and establishing substantially uniform surface potentials on all 
reinforcing steel. 

Specific preferred embodiments of the present invention will become evident from the 
following detailed description of certain preferred embodiments. 

BRIEF DESCRTPTIQN OF THE DRAWINGS 

Figure 1 illustrates a fragmentary cross section of a concrete structure with a steel 
reinforcement, electrolyte, anode and other elements, 

DESCRIPTION OF A PREFERRED E MBODIMENT 

The present mvention relates to a method to mhibit and/or prevent corrosion by 
eliminating the dififerences in corrosion potentials. 

The prior art generally relates to tiie reversal of the corrosion process by passing a low 
voltage current in the opposite direction of the corrosion current for the purpose of stopping the 
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corrosion, typically called cathodic protection systems, as described above. The present 
invention is an improvement over these systems. A cathodic protection system is a permanent 
installation in a concrete structure. The present invention requires only a teraporaiy application 
of the method and system described herein. The function of a cathodic protection system is to 
continuously push a current, approximately equal to the corrosion current, in the opposite 
direction to arrest the corrosion current 

nie present invention passes a measured amount of energy in the form of DC current in 
the opposite direction of the coirosion current for the purpose of polarizing the steel to a level 
where coirosion cannot take place. This polarization shifts the surface potential of the steel 
being treated so that the resultant potentials are substantially uniform to an extent that cannot 
support any corrosion activity. 

Referring now to the drawing, the reference numeral 10 designates in a general way a 
body of a steel reinforced concrete structure, which may be in the form of a vertical wall or 
overhead structure. The concrete wall typically includes a series of embedded steel reinforcing 
bars 1 1 of conventional type. In one aspect of the invention, the electrochemical passivation will 
only be effective on steel that is electrically continuous within the concrete structures to be 
treated. Continuity checks must be made prior to using the method of the present invention. 
Steel that is discontinuous must be made continuous. 

Pursuant to the teachings of the present invention, a concrete structure 10 that has 
suffered corrosion can be rehabilitated or be ti^ated for corrosion by the preferred method. 
Energy for the method is supplied through a distributed rectifier system, with individual rectifiers 
12. Conventional rectifiers of various manufacturers may be used in the method. The rectifiers 
must be designed to operate in an outdoor, exposed condition, and deliver DC power with 
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variable voltage and current. The anangement of the rectifiers may vary depending on the 

requirements of each project. 

The anode 13 may be any conductive material. It must be positively charged and be 
subject to consumption. It should be easy to install and remove since it does not become a 
permanent fixture on the structure to be treated. It should be able to conduct the desired current 
and have no permanent effect on the structtire to be treated, for example, staining of the concrete, 

which caimot be removed. 

Anode 13 must cover the entire area of the concrete to be treated and must be installed on 
the surface of the concrete with no direct contact with the steel in the structure to be treated. The 
anode can be placed on horizontal surface as long as there is no contact with the steel being 
treated. On vertical surfeces, it can be fastened to ensure stability during the treatment period. 
While any conductive material may be utilized as an anode, preferred anode materials are 
platinized titanium and steel. Preferably, the form of the anode is a mesh so that it can 
sufficiently cover large areas of the surface to be treated. 

The electrolyte 14 must fully surround or embed anode 13 and have an adequate level of 
conductivity. During the treatment period of the present invention, the inventive method may 
cause a change in the pH level of the electrolyte due to the actions of the anode. Appropriate pH 
modifying materials may be added to the electrolyte to adjust the pH level to a proper balance. 
Additional chemical agents or materials may be added to tiie electrolyte 14 for purposes relating 
to the condition of tiie concrete for otiier purposes. Preferably, tiie electrolyte used of tiie 
electrochemical passivation is potable water. The electrolyte 14 is contained on the anode 13 by 
any conventional means. A liquid pond may be used. The electrolyte may be contained in tanks 
on the surface or it may be contained witiiin a fibrous material held in place on the surface. 
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Paper mache-like cellulosic pulp material formed of a mixture of cellulosic pulp in water or other 
solution, such as calcium hydroxide solution may also be used. 

The concrete 15 will become saturated with the electrolyte 14. especially in the location 
between the steel reinforcement 11 and anode 13. which is the concrete cover to the 
reinforcement steel 11, and wUl form part of the electrolyte containment system. Any defects in 
the concrete 15 must be repaired prior to the use of the present invention. The repair of the 
concrete must not substantially change the electrical resistance in the concrete when compared 
with the original concrete. Direct contact between the anode 13 on the surface and the 
reinforcing steel 1 1 cannot take place so cracks in the concrete must be repaired. If necessary, 
steps must be taken to maintain a condition of relative uniform electrical resistance between 
anode 14 and the steel 11, for example, when the thickness of the sections of concrete in a 
structure vary, additional concrete may be added where necessary to insure electrical resistance. 

Reference electrodes 16 are used to define the areas of corrosion activities in the 
reinforced concrete. The use of the reference electrodes is not required for one aspect of the 
invention, electrochemical passivation. However, use of the reference electrodes for monitoring 
installation and the effect of treatment is preferred. The type of electrode is immaterial and any 
conventional electrode can be utilized. The number and location of the reference electrodes will 
vary depending on the type of concrete structure. Reference electrodes may be added or deleted 
depending on the size of the structure. 

A source 17 of electric current is supplied to rectifiers 12 and control unit 18. The 
rectifiers pass tiie voltage tiirough a positive lead 19 to anode 13. Negative lead 20 is attached to 
reinforced steel 11 . The distributed rectifier system enables each individual rectifier to supply an 
adjusted amount of energy to a designated area. The proper amount of energy is determined by 
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Uie control unit based on information obtained from reference electrodes 16, which are installed 
at various strategic locations around the structure or from the corrosion potential survey. The 
control unit may work interactively with the reference electrodes or be pre-programmed based on 
the measured corrosion potentials from a potential survey made prior to treatment. 

The control unit 18 monitors and/or controls the operation of the components used in die 
method of the present invention. The control unit can be installed on a temporary or permanent 
basis. Further, the control unit can be monitored remotely through a computer modem. The 
control unit 18 is a computer that can be programmed to measure polarization by defining the 
number of ampere hours charged to different sections of the concrete structure. 

Pursuant to the invention, corrosion of reinforced steel in concrete can be inhibited or 
prevented by eliminating differences in surface potentials that result in total passivation of 
corrosion activity. Energy is passed through die steel and concrete in relatively accurate 
amounts to polarize the reinforcing steel sufiBcientiy to stop corrosion and estabUsh substantially 
uniform surface potentials on the reinforcing steel. 

The cathodic protection system as a permanent installation wherein the method of the 
present invention is a temporary application. The function of a cathodic protection system is to 
continuously push a current, approximately equal to the corrosion current, in the opposite 
direction, and thereby arresting die corrosion current. The principle of die present invention is 
to pass a carefully measured amount of energy in the form of DC current in the opposite 
direction of the corrosion current for die puipose of polarizing die steel to a defined level and 
diereby to cause a shift in die surface potential of die steel. The resultant potentials are uniform 
to an extoit that cannot support any corrosion activity. 
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The energy is supplied through a distributed rectifier system and uniquely 
adjusted by a control unit, receiving information through a system of strategically placed 
reference electrodes, so as polarize each area of steel sufficienUy to result in an adjusted and 
relatively uniform surface potential on all the steel. In areas where there is condition of uniform 
potential, no corrosion can take place. The areas are selected from a potential survey, based on 
corrosion potentials or from the potentials registered with reference electrodes. The areas are 
selected, and the control unit programmed to supply sufficient energy to each area to energize 
the steel to a level that stops all corrosion activities, about 20 Ah/ft^, and results in a condition 
of relative uniform surface potentials on all electrically connected steels. To obtain a lasting 
effect of uniform potentials and a corrosion passive state requires the passing of a minimum of 
about 50 Ah/f^ . 

Structurally, the method of the present invention generally requires the temporary 
installation of an anode, which is placed in an electrolyte contained in the surface of the 
concrete, a system of reference electrodes, strategically placed in a structure, a control unit, and 
a DC current supplied to the system through a AC/DC rectifier. The current passed will be in 
the range of about 0.05 through about 0.3 A/ft^ which is significantly higher than the current 
use in a cathodic protection system. In addition, a secondary benefit to shifting the surface 
potential is that the cathode reaction taking place on the steel will produce hydroxyl, resulting 
in an increase in the pH level of the concrete, particularly around the steel. Further, all free ions 
between the temporary anode on the surface of the concrete and the embedded steel, migrate in 
accordance to their natural potential. Negatively charged ions, for example, chloride ions, 
migrate away from the steel and positively charged ions migrate towards the steel. This results 
in total passivation of all corrosion activity and therefore creates an environment around the 
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Steel that does not allow corrosion. This condition is achieved through estabUshing uniform 
surface potentials, an increase in the pH level on and around the steel and a total removal of all 
ftee chloride ions from the surfiace of the steel. 

As described herein, the low voltage DC current is supplied to the installation through a 
distributed rectifier system, where each individual rectifier supplies an adjusted amount of 
energy to a designated area. The correct ieffective amount of energy is determined by a control 
vinit, based on data obtained from reference electrodes installed in strategic locations around the 
structure, and/or from corrosion potential survey completed prior to installation of the system. 

It is appreciated that the method described herein is different from other electrochemical 
methods in the manner through which the amount of current passed is monitored, ensuring that 
no area is over-treated, nor any area left untreated. The method is an improvement because it 
targets the corrosion activity, optimizes treattnent times and the amount of energy required, 
resulting in the best possible protection against the re-initiation of corrosion. All reinforcing 
steel receives a controlled amount of energy, to ensure total passivation, as well as a uniform 
surfece potential on all the treated reinforcing steel throughout the structure. 

Yet a further improvement of the method described herein involves the use of a 
conductive gel having a bonding agent therein. One such commercially available conductive gel 
can be purchased from 3M and is avialable under the tradename "Hydrogel ™". it is appreciated 
that other commercially available conductive gels can be used provided that they are modified to 
include a bonding agent. 

A fiJrther improvement of the method lies in the electrolyte containment method, where a 
system is developed using a modified Hydrogel ™, from 3M, in a sandvwch with the anode 
material. The sandwich is constructed as follows: -Hydrogel ™ .carrier cloth-Hydrogel ™ . 
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anode-Hydrogel ™ -carrier cloth. Variations exists where the carrier cloth is impregnated with 
Hydrogel ™ prior to installation, and the anode/containment method is installed in individual 
layers. In any event, the individual layers may be assembled prior to installation, or be instaUed 
one after the other. 

The modified Hydrogel ™ may have different chemicals added to it for the purpose of 
enhancing special desirable effects. By way of example, one type of modified Hydrogel tm 
includes a pH booster to control the pH level of the electrolyte, or for the purpose of Re- 
alkalisation of carbonated concrete. Lithium salts may be added to control alkali-silica reaction 
in reactive aggregates, and other known commercially available chemicals may be used for 
different purposes depending on the desired effect. 



Method of O peration 
In order to accurately describe the method of the present invention, the following 
describes the sequence of steps of operation. 

Condition Survey: 

a: Initially a conventional survey is performed to determine the condition of the 
structure. Deficiencies in the structure are noted. 



b: 



To define the actual corrosion status of the structure, a conventional conrosion 
potential survey is carried out. This survey is also used to define the acceptance 
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criteria for the treatment program. Electrodes are placed at strategic locations 
wherein an effective current is passed to determine differences in potentials, 
c: A continuity check, to determine if the steel reinforcement is electrically 
continuous within each section of the structures, as weU as between individual 
sections is performed. Current is passed through the reinforcement to determine 
if there are breaks in the steel. 

d: Chloride profiles are obtained to determine chloride content at various levels in 
the sections to be treated. These values will also be used to define acceptance 
criteria for the treatment program. This is performed in a conventional manner. 

e: Suitability Review: (the construction of information and repair history, for 
example, are so structured). 

Preparation of Specifications: 

a: On the basis of the condition survey, detailed treatment specifications are 
prepared. For example, once the potentials and chloride profiles are noted, a 
higher current may be administered in the treatment for an appropriate amount of 
time to create a uniform surface potential. 

Pre Treatment: 

a: Bridge discontinuities in the steel reinforcement are converted if detected during 
the continuity checks. 
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The concrete surface is prepared by cleaning, removal of old coatings, and adding 
cementitious material to increase resistance where necessary. 

If necessary, reference electrodes are installed if required in the treatment 
specification. 



Installation: 



a: Convert electrodes to the steel reinforcement, two connections to each 
reinforcement cage, or at least one connection for each 500 sq. ft. of concrete 
surface. 

b: Install anode mesh on concrete surface to be treated, using non conductive 
fasteners to the anode mesh. 

c: Install electrolyte containment over the anode. 

d: Install the electrolyte specified for the treatment. 

e: Make all electrical connections between the anode, the steel reinforcing and the 
rectifier system, including the control unit where used. 



WO01/076S3 PCTAJSO0/4a456 

15 

f: Optionally, make electrical connections to the steel reinforcement, two 
connections to each reinforcement cage, or at least one connection for each 500 
sq. ft, of concrete surface. 



Install anode mesh on concrete surface to be treated, using non conductive 
fasteners to the anode mesh. 



h: Install electrolyte containment over the anode. 



Install the electrolyte specified. 



Operation: 

a: Energize the system by applying DC current from each individual rectifier at a 
current density of 0.05 - 0.3 A/ft^ as specified for each individual area, and 
defined by the results from the corrosion potential survey. 

b: Operate tiie system for the designated time for each individual area, so that each 
area get a charge of min. 20 Ah/ft^ for non corroding areas, as defined by the 
corrosion potential survey, and with an increasing charge for the more actively 
corroding areas. Each project to be individually treated to account for local 
conditions. 
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c: During the operation of the treatment program, all parameters defined in the 
specification shall be monitored, and intermediate conventional chloride tests 
performed as called for in the project specification. 

d: Remove the anode and all equipment, and prepare the treated surface as required 
by the specification. Where a steel mesh has been used as the anode, a light 
sandblasting to remove rust-staining may be required. 



Documentation: 

a: At the completion of the treatment program, new chloride tests are to be 
performed to document the results. 

b: At a defined period after the completion, 2-6 months typically, a new corrosion 
potential survey shall be carried out, as part of the documentation and proof that 
the acceptance criteria have been satisfied. 



c; 



Long term monitoring, including regular survey of the corrosion potentials at 
various locations on the steel reinforcement is recommended. 



While only a few, preferred embodiments of the invention have been described 
hereinabove, those of ordinary skUl in the art will recognize that the embodiment may be 
modified and altered without departing from the central spirit and scope of the invention. Thus, 
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the preferred embodiment described hereinabove is to be considered in all respects as iUustrative 
and not restrictive, the scope of the invention being indicated by the appended claims, rather than 
by the foregoing description, and all changes which come within the meaning and range of 
equivalency of the claims are intended to be embraced herein. 
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CLAIMS 

I CLAIM: 

1. A method of arresting corrosion in steel reinforced concrete, comprising 
removably applying a system to said steel reinforced concrete that eliminates the surfece 
potential differences in said steel. 

2. The metiiod of claim 1 further comprising controlling and adjusting current to 
send predetermined amounts of electrical energy to individual areas of said steel targeted for 
treatment. 

3. The method of claim 2 further comprising conducting a corrosion potential survey 
to determine the energy requirements necessary for the corrosion condition. 

4. The metiiod of claim 2 fiirtiier comprising providing a reference electrode tiiat is 
strategically placed on the concrete structure. 

5. The metiiod of claim 2 in which tiie amount of energy passed is sufficient to 
polarize tiie reinforcing steel sufficientiy to stop corrosion and establish substantially uniform 
surface potentials on all tiie reinforcing steel. 

6. A temporarily applied metiiod of rehabilitating corroded metal reinforced 
concrete structures comprising changing conditions on tiie surface of said metal from a condition 
of non-uniform surfece potential to a condition of substantially uniform surface potential. 
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i f The method of claim 6 in which said metal is steel. 

8. A method of arresting corrosion of a conductive metal embedded in hardened 
concrete, comprising varying a condition on a surface of said metal from a condition of a non- 
uniform surface potential, said non-uniform surface potential including active corrosion, to a 
condition of a substantially unifomi surface potential in which corrosion is substantially arrested. 

9. The method of claim 8 in which said corrosion is completely arrested. 
10 The method of claim 8 in which said metal is steel. 

11. The method according to claim 8 in which said concrete around said embedded 
metal is not entirely homogenous as a consequence of imperfections from a concrete placement 
operation. 

12. The method according to claim 8 in which said embedded metal develops areas of 
relative differences in surface potentials. 

13. The method according to claun 12 in which said relative differences provide at 
least one anodic area and a cathodic area on said embedded metal resulting in a difference in 
surface potential. 

14. The method according to claim 12 wherein said relative differences in surface 
potential cause the onset of corrosion. 

15. The method according to claim 8 further comprising temporarily installing a 
conductive anode mesh on a surface of said hardened concrete. 

16. The method according to claim 15 in which said step of temporarily installing 
includes embedding a conductive anode mesh in an electrolyte contained on said surface of said 
concrete. 
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17. The method according to claim 15 in which said step of temporarily installing 
includes providing a conductive anode mesh and an electrolyte, 

18. The method according to claim 8 further comprising electrically connecting said 
conductive anode mesh to said embedded steel. 

19. The method according to claim 18 in which said step of electrically comiecting 
further comprising connecting said conductive anode mesh to said embedded steel using a 
system of distributed AC / DC rectifiers. 

20. The method of claim 19 further comprising the step of passing an adjustable DC 
current from said rectifiers to said anode mesh and said embedded metal. 

21. The method according to claim 18 further comprising adjusting a DC current 
passed as a function of a difference in a surface potential. 

22. he method according to claim 21 in which said difference is obtained from a 

potential survey. 

23. The method according to claim 21 in which said difference is obtained from at 

least two reference electrodes. 

24. The method according to claim 23 in which said reference electrodes are 

strategically placed. 

25. Hie method according to claim 21 further comprising polarizing said embedded 

steel to a pre-determined level. 

26. The method according to claim 25 in which said step of polarizing is a function of 

a sur&ce potential difference. 
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27. The method according to claim 8, in which, in an area between said conductive 
anode mesh on said surface of said concrete and said embedded metal, free ions migrate in the 
direction dictated by their natural potentials. 

28. The method according to claim 8, comprising negatively charging said embedded 

metal as a cathode. 

29. The method of claim 28 further comprising facilitating a cathode reaction 
producing hydroxyl. 

30. The method of claim 29 further comprising causing an increase in a pH-level 

around the embedded metal. 

31. The method according to claim 8 in which negatively charged ions, optionally 
including chloride ions, migrate away from said metal, and positively charged ions migrate 
towards said metal. 

32. The metiiod according to claim 8 further comprising adjusting polarization, 
providing for a cathode reaction, and providing for ion migration, whereby the cummulative 
effect of practice of said metiiod results in a condition of substantially uniform surface 
potentials on tiie metal creating an environment where corrosion cannot take place. 

33. The metiiod according to claim 8, further comprising providing a current density 

of about 0.01 to about 0.3 A/fl^, 

whereby an actively corroding steel reinforced concrete structtire. will stop corroding 
after tiie passing of a minimum of 20 Ah/fl^, and remain passive in tiie corrosion sense after 
the passing of a min SO Ah/fl^, 
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34. A method of chloride removal from reinforced concrete comprising removing said 
chloride from said concrete by an electrochemical system comprising an electrolyte having a 
conductivity, and adjusting the conductivity of said electrolyte. 

35. The method of claim 34 in which said step of adjusting the conductivity comprises 
adjusting a pH of said electrolyte. 

36. The method of claim 35 in v^hich said pH is adjusted in real time. 

37 A method of chloride extraction from contaminated reinforced concrete comprising, 
removing said chloride using an electrolyte comprised of a conductive gel having at least one 

bonding agent therein. 

38. The method of claim 37 in which said conductive gel is a Hydrogel™. 

39. The method of claim 3 8 in which said Hydrogel™ is a modified a Hydrogel"™. 

40. A method of chloride extraction from contaminated reinforced concrete 
comprising, removing said chloride using an electrolyte comprised of a pH booster. 

41. The method of claim 40 in which said electrolyte is a Hydrogel ™. 

42. The method of claim 4 1 in which said electrolyte further comprises a lithium salt. 
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